Precise measurements of the thermodynamic properties of phenol and some of its homologues are being made in this Laboratory. As part of this programme, the heats of combustion of phenol and the three cresols (methylphenols) have been accurately determined and are here reported; the heats of combustion of the six xylenols (dimethylphenols) will be reported elsewhere.
quoted are standard deviations of the mean and include a small contribution from the uncertainty in the energy equivalent of the calorimeter; the " uncertainty interval " of each value in the table is by definition twice the given standard deviation of the mean.
The Iiterature contains only one modern reference to the heat of combustion ofphenol (and nonetothat ofthe cresols) which might be compared with the value reported in the table. Thus Parks, Manchester and Vaughan 4 gave -730·36 kcal/mole as !J.H~ for phenol. The discrepancy between this value and ours falls just outside the sum of the two uncertainty intervals, but as Parks, Manchester and Vaughan's paper contains no experimental details, further comment is not possible. 
The fourth column of the table contains With values of tJ.H; available, the calculation of the resonance energies of phenol and the cresols was attempted by the well-known procedure of calculating the heats of formation from the atoms in their ground states, and comparing the results with values obtained by summing bond energy terms. Calculations were made from values for the heats of atomization ofthe elements and bondenergiestaken from three different compilations 7 -9 • Similar results were obtained from each compilation, so that it is only necessary to choose one of them for a detailed discussion. The compilation chosen for the present purpose is that of Laidler 9 , which is not only the most recent of the three but also appears to be the most precise. Laidler's bond energy scheme takes account of the various types of C-H bonds For purposes of comparison, the resonance energies of benzene and toluene, taken from Laidler's paper 9 , have been included in the above table. Considering :first phenolrelative to benzene, it may be seen that the resonance energy of the former appears to be about 2 kcalfmole greater than the resonance energy of the latter. Qualitatively, this situation was to be anticipated because the resonance structures of phenol would be expected to include the quinonoid forms (I), (II) and (III) :
in addition to the normal Kekule and Dewar forms of the benzene ring. Hitherto, however, heat offormation data for phenol have been insufficiently reliable to show whether or not these resonance forms made a measurable contribution to the resonance energy 10 • It is therefore important to consider carefully whether the apparent 2 kcalfmole difference between the resonance energies of phenol and benzene is real. Errors in the values of .6..H; for the two compounds are unlikely to exceed 0·5 kcal/mole, but errors greater than this may be involved in the calculation of atomic heats of formation and total bond energies. Fortunately these errors will mainly affect the absolute values of the two resonance energies, rather than their difference, since most of the data used are common to the two calculations. Data which are not common to the two calculations relate to the C-OH bond. Laidler 9 recommends that a "mean" bond energy term of 198·1 kcal be used for the C-OH bond; at present, too few reliable values of the heats of formation of aliphatic alcohols exist to permit making a distinction between the C-OH bond energies in primary, secondary and tertiary alcohols. From Roberts and Skinner's 11 summary of bond energy data for alcohols it seems that the mean bond energy for C-OH must be considered uncertain to ±2 kcal. As this uncertainty is the dominant one in a comparison of phenol with benzene, it may be concluded that the extra resonance stabilization of phenol relative to benzene lies within the Iimits 0 to 4 kcal/mole. When a more reliable value becomes available for the C-OH bond energy term, it should be possible to define the extra resonance stabilization of phenol within closer Iimits.
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If attention is confined to intercomparison of phenol and the cresols, the uncertainty of the C-OH bond energy becomes irrelevant. It may then be seen tha t the resonance energies of phenol and m-cresol are indistinguishable within the combined standard errors, whereas the resonance energies of o-and p-cresol are slightly less than the resonance energy of m-cresol. A parallel to this situation is found in the acidities of these compounds, where phenol and m-cresol have closely similar acidities in water 12 , whilst o-and p-cresol are appreciably weaker acids. An explanation for the parallel presents itselfwhen it is remernbered that the appreciable acidity of phenol may be ascribed 10 to the contribution of structures (IV), (V) and (VI) to the resonance in the phenolate ion. 
